Oxidative stress, DNA damage and antioxidant enzyme gene expression in the Pacific white shrimp, Litopenaeus vannamei when exposed to acute pH stress.
The ROS production, the percentage of dead and damaged haemocytes, the DNA Olive Tail Moment (OTM) value and the gene expression of manganese superoxide dismutase (MnSOD), catalase (CAT), glutathione peroxidase (GPx) and thioredoxin (TRx), were studied in the Pacific white shrimp, Litopenaeus vannamei, when exposed to acute pH stress. The increased ROS production in haemocytes and the increased OTM value in both the haemocytes and the hepatopancreas cells suggest that oxidative damage occurred in shrimp exposed to pH 5.6 and pH 9.3, with apoptosis, mainly being associated with excess Ca(2+)influx and changes in cell viability. Acid and alkaline pH-induced DNA damage was time dependent in the haemocytes and the hepatopancreas cells. The concentration of intracellular free calcium [Ca(2+)] (i) after different pH treatments increased significantly over time, reaching its highest concentration after 12 h, but decreasing gradually to normal levels after 24 h. The [Ca(2+)] (i) content in shrimp cells when exposed to pH 9.3 and pH 5.6 for 12 h had increased by 58%-81%, compared with exposure to pH 7.4 (control). In addition, the gene expression of cMnSOD, CAT, GPx and TRx in the hepatopancreas of L. vannamei was induced by acid and alkaline pH stress, although there were differences in the expression response with respect to the duration of induction and the different pH treatments (acid or alkaline). Our results show that acidic or alkaline-induced oxidative stress may cause DNA damage, and cooperatively activate expression of CAT, GPx and TRx mRNA. Calcium ions appear to be important in mediating shrimp responses to pH stress.